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INTRODUCTION 
An eloctronic switch is a versatile instrument which 
doubles the utility of a cathode ray oscilloscope. It is 
used to study phase relationships of voltage waveforms in 
electronic circuits and in many applications whore It is 
necessary to obstrve two patterns, apparently simultaneously, 
upon a single oscilloscope screen. The control leads of the 
oscilloscope are transferred rapidly from one test position to 
another, while a simultaneous alteration of bias chan,es the 
vertical location upon the screen. The cycle of observation 
is repeated so swiftly that each natter: appears to be present 
continuously. One pattern may bo observed directly above the 
other, or tllo two patterns may be superimposed for easy com- 
parison. 
For exa-plo, in television practice, the composite 
synchronizing signal represents the combined output of a 
number of enerators, each having control of the output chan- 
nel for an allotted number of microseconds during each sixtieth 
of a second. In certain typos of pro-war directive devices, 
built for Coast Guard use, a single receiving set produced 
two different records upon a common oscilloscope screen, the 
receiver input being shiftod rapidly back and forth between 
two directional antennas. Exact balance of these "split- 
beam" patterns produced a sharp indication of direction. 
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To open and close an electronic switch, the electron 
stream in a normal amplifier tube is interrupted and later 
ro-established. This tube is sometimes referred to as a 
keyina: tube. Each voltage source provides a continuous 
signal present at all times on the control grid of the re- 
spective keying tube. When the bias is normal on this tube 
the signal is allowed to pass through the amplifier and 
appear on the screen. Thus, this signal may be said to be 
keyed in. Meanwhile, the electron stream In the other keying 
tube is interrupted by a controlling voltage from the keying 
unit and the signal on the grid of this tube is blocked, or 
keyed out. After a time interval corresponding to the 
period of a sweep on the oscilloscope, the conditions of 
operation of the keying tubes are reversed. The transition 
must occur instantly; steepness and precise timing of the 
keying signal are of major importance. 
Plate I is a simplified block diagram of the instrument 
which illustrates the function of the three main units. 
The power supply furnishes a regulated 250 Volts plate supply 
voltage for the amplifier tubes, 400 volts plate supply 
voltage for the push-pull output stage and -105 volts regu- 
lated for bias voltages. The keying unit blocks first one 
signal, then the other, in synchronization with the sweep from 
the oscilloscope. The respective signals are amplified in 
the voltage amplifier which at the same time produces the 
separation of the signals on the screen. 
EXPLANATION OF PLATE I 
Simplified block diagram of the instrument 
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THE KEYING UNIT 
The phase Inverter, half of tube V2, is used to accom- 
modate either a positive or negative sawtooth from tho 
oscilloscope. If this sawtooth synthronizing signal has a 
negative edge the Synch Phase switch should bo in the minus 
position; if It has a positive edge the switch should be in 
the plus position. With the switch in the minus position, the 
grid of the phase inverter is returned to ground and tio out- 
put is from the cathode. If the switch is in the plus posi- 
tion, the grid is returned to the cathode and the output is 
from the plate. Thus, the maximum possible grid swing is 
utilized without danger of clipping occurring for large sig- 
nals. In either case, t e output is a sawtooth having a 
negative edge. 
Since the time constant of R5 and C3 is small, the saw- 
tooth is differentiated by t--.e combination, a sharp negative 
pulse of voltage appearing on the grid of the cathode fol- 
lower, the other half of tube V2. The pulse is then a-ipli- 
fied and inverted by the 6AC7, V3. 
One half of the following tube, V4, is used as a blocking 
oscillator; the other half is used as a trigger stage which 
is plate coupled to the blocking oscillator. The grid of 
this stage is biased below cutoff as is the blocking oscil- 
lator grid. The positive pulse output fr,)m V3 raises the 
grid of the trigger stage above cutoff causing a flow of 
EXPLANATION OF PLATE II 
Schematic diagram of the phase inverter, cathode follower, 
6AC7 amplifier, trigger stare and blocking oscillator 
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plate current in the blocking oscillator transformer winding 
which initiates the action of the blocking oscillator. 
The negative pulse output from the blocking; oscillator 
is then coupled through the diodo, V6, to the grids of V5, 
tho square wave generator or flip-flop circuit, as it is 
commonly named. The output from this circuit is a square 
wave of approximately 100 volts amplitude s-j.nchronized 
with the sawtooth from the oscilloscope. 
Tubes V7 and V8 are cathode followers which are cathode 
coupled to the respective keying tubes, V11 and V12. The 
grids of the cathode followers are returned to -60 volts; the 
value of cutoff for this tube is -50 volts. The square wave 
from the flip-flop is averaged about -GO volts on the grids 
of V7 and V8. Tho top of the square wave raises the grid 
of one cathode follower, say V8, to -10 volts while the other 
cathode follower grid is lowered to -110 volts by the 
opposite phaso. The plate current t'rough V8 is 25 milli- 
amperes, the cathodo voltage is 10 volts, the grid-cathode 
voltage Is -20 volts as shown in Plate IV. The value of 10 
volts on the cathode of V12 is sufficient to cut this tube 
off :)rovided the grid signal does not exceed about 4 volts. 
Meanwhilo, the othor cathode follower is cut off, allowing 
its keyin; tube, V11, to amplify any si nal present on the 
control grid in the usual manner. During tho next half cycle 
of the square wave, the roles of t. o keying tubes are inter- 
changed. 
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The grid of V11 is returned to a voltage which is var- 
iable from 0 to -4 volts by varying; R78, the position con- 
trol, located on the panel. The difference in grid bias of 
the two keyinr tubes which arc plate coupled causes a change 
in the point of operation in the plate circuit when V11 is 
conducting as compared to the point of operation when V12 
is conducting. This charve, passed tirour,h the amplifier, 
causes the separation of the signals on the screen. 
The instrument may be converted to an ordinary amplifier 
by means of the switch marked "AMP 37:" on the panel. 
EXPLANATION OF PLATE III 
Schematic diagram of the flip-flop circuit, the 
cathode followers and the keying tubes 
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EXPLANATION OF PLATE IV 
Plate characteristics of 6K6 with 
a 400 ohm load line 
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THE AMPLIFIER 
The input stage to the amplifier is preceded by an 
isolating capacitor and a three position RC compensated 
attenuator having ratios of 1:1, 10:1, and 100:1. This 
attenuator is frequency compensated and introduces negligible 
distortion within the frequency' range of the amplifier. The 
next circuit is the cathode follower with the gain control 
potentiometer located in the cathode circuit. 
Immediately following the cathode follower stage are the 
amplifying stages, the first employing a 6AC7 pentode, the 
second a 6AG7 pentode. Both plate circuits include compen- 
sating filters for low frequencies which make it possible for 
the amplifier to pass a 30 cycle square wave with only slight 
distortion. High frequency compensation is also provided, 
shunt peaking is used with the 1000 ohm load resistor of the 
6AC7 stage and series peaking with the 1300 ohm load resistor 
of the 6AG7 stage. A type of compensation allowing a larger 
plate load for the desired frequency range is used in the 
latter stage in order that the maximum possible output may be 
obtained from the output stage which it drives. Transient 
response is equal to that of the shunt peaked stage. The 
gain of the 6AG7 stage, including feedback, is 3.5 and the 
gain of the 6AG7 stage is 14. 
The output stage consists of two 007's in push-pull, 
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cathode coupled to Ellie a balanced output. Because of low 
output capacitance, a 1500 ohm plate load may bo used with 
shunt peakin;: without reducing frequency response below that 
of the previous stages. A number of attractive fentures are 
offered by cathode coupled push-pull amplifiers. AmonL them 
are low distortion and relatively small value of grid current 
when overloaded, freedom from any tendency to self-o,,cillation, 
and absence of "jitter" or hum derived from fluctuations of 
tie power supply. 
Table 1. Voltage readings. 
Tube: Type : Pin 1 : Pin 2 : Pin 3 : Pin 4 : Pin 5 Pin 6 : Pin 7 : Pin 8 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
6X5 
6SN7 
6AC7 
6SN7 
6SN7 
6116 
6K6 
6K6 
6AG7 
6AG7 
6AC7 
6AC7 
6AG7 
807 
807 
514 
NC 
C V 
90 VDC 
NC 
-20 VDC 
-15 VDC 
NC 
NC 
NC 
0 V 
0 V 
NC 
NC 
0 V 
3 VAC 
3 VAC 
ITC 
500 VAC 
235 VDC 
160 VDC 
3 VAC 
250 VDC 
195 VDC 
3 VAC 
3 VAC 
3 VAC 
3 VAC 
3 VAC 
3 VAC 
3 VAC 
3 VAC 
250 VDC 
250 VDC 
540 VDC 
-450 VDC 
12 VDC 
90 VDC 
0 V 
0 V 
0 V 
- 15 VDC 
250 VDC 
250 VDC 
NC 
NC 
0 V 
0 V 
NC 
15 VDC 
15 VDC 
NC 
NC 
0 V 
0 V 
- 30 VDC 
- 15 VDC 
0V 
250 VDC 
VDC 
0 V 
0 V 
0 V 
0 V 
0 V 
30 VDC 
30 VPC 
500 VAC 
- VDC 450 
250 VDC 
0 V 
250 VDC 
195 VDC 
- 15 VDC 
- 60 VDC 
- 60 `1':C 
5 V7.7,C 
6 VDC 
6 VDC 
6 VDC 
3.5 VDC 
3 VAC 
3 VAC 
NC 
NC 
8 VDC 
140 VDC 
0 V 
0 V 
NC 
NC 
ITC 
250 VDC 
250 VDC 
140 VDC 
140 VDC 
100 VDC 
280 
late 
VPC 
n 
280 VPC 
plate 
500 ViX 
500 VAC 
3 VAC 
3 VAC 
3 VAC 
3 VAC 
5 VAC 
3 VAC 
3 VAC 
3 VAC 
3 VAC 
3 VAC 
3 VAC 
3 VAC 
- 
NC 
500 VAC 
3 VAC 
125 VDC 
3 VAC 
3 VAC 
0V 
6 VDC 
6 VDC 
250 VDC 
250 VDC 
180 VDC 
180 VDC 
110 VF;C 
1=1, 
- 
480 VDC 
Table 1. (Concl.). 
Tube: Type : Pin 1 : Pin 2 Pin 3 Pin 4 : Pin Pin 6 Pin 7 : Pin 8 
17 5R4 NC 540 VDC NC 
18 6B4 NC 250 VDC 360 VDC 
19 6B4 NC 250 VDC 360 VDC 
20 68.17 NC 3 VAC 150 VDC 
21 VR105 NC 0 V NC 
22 VR105 NC -105 VDC NC 
500 VAC NC 
NC 230 VDC 
NC 230 VDC 
100 VDC 105 VDC 
NC 105 VDC 
NC 
500 VAC NC 480 VDC 
NC 250 VDC NC 
NC 250 VDC NC 
140 VDC 3 VAC 230 VDC 
NC NC NC 
0 V NC NC NC 
All readings with respect to ground, ±10 percent. 
Table 2. Resistance readings. 
Tube: Type : Pin 1 : Pin 2 : Pin 3 : Pin 4 : Pin 5 : Pin 6 : Pin 7 Pin 8 
1 05 NC 85 20 K NC 20 K NC 85 80 
2 6SN7 .5 M 80 K 12 K 5 K 70 K 1 K .1 .1 
3 6AC7 NC .1 0 100 K 0 130 K .1 75 K 
4 6SN7 120 K 70 K 0 120 K 70 K 0 .1 .1 
5 6SN7 100 K 70 K 0 100 K 70 K 0 .1 .1 
6 6H6 NC ..1 100 K 1 M 100 K NC .1 1 M 
7 6K6 NC .1 70 K 70 K 130 K NC .1 400 
8 6K6 NC .1 70 K 70 K 130 K NC .1 400 
9 6AG7 0 .1 NC 1 M 500 70 K .1 70 K 
10 6AG7 0 .1 NC 1 M 1 K 70 K .1 70 K 
11 6AC7 NC .1 0 2.2 M 400 135 K .1 80 K 
12 6AC7 NC .1 0 2.2 M 400 135 K .1 80 K 
13 6AG7 0 .1 NC 120 K 150 90 K .1 75 K 
14 807 .1 400 K 130 K 200 .1 390 K 
plate 
. - 
Table 2. (Conci.). 
Tube: Type : Pin 1 : Pin 2 : Pin 3 : Pin 4 : Pin 5 Lin 6 Pin 7 Pin 8 
15 807 .1 400 K 15 K 200 .1 390 K 
plate 
16 5R4 NC 390 K NC 80 NC 80 NC 390 K 
17 5R4 NC 390 K NC 30 NC 80 NC 390 K 
18 6E4 C 70 K 390 K .TC 110 K NC 70 K NC 
19 6E4 NC 70 K 390 K NC 110 K NC 70 K NC 
20 63J7 NC .1 110 K 60 K 110 K 200 K .1 110 K 
21 VR105 NC 0 NC NC 110 K NC NC NC 
22 VR105 NC 8 K NC NC 0 NC NC NC 
Resistance readings in the B+ circuit may vary widely depending on the condition of tho 
filter capacitors. 
All readings with respect to ground, ±10 percent. 
EXPLANATION OF PLATE V 
Complete wiring diagram of the instrument 
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In the actual working out of a circuit to give the de- 
sired result, it was found necessary to introduce two stages 
and accomplish the switching in the cathode circuit of the 
second stage for more complete isolation of the switching and 
signal circuits. Cathode follower input stages are provided 
with separate gain controls in the cathode circuit. The 
input stage is preceded by an attenuating network designed to 
accommodate signals from 0.1 to 600 volts. Positive synchron- 
ization was obtained by the use of a blocking oscillator to 
trigger a flip-flop circuit. Circuits may be switched at 
frequencies from 30 to 50,000 cycles with the switching inter- 
val a negligible part of the sweep cycle. 
The amplifier design for electronic switches is conven- 
tional except perhaps for the use of peaking coils to pass 
the higher frequency components of the switching signal. 
Low frequency comensetion was also provided. 
TIle performance of the electronic switch proved to be 
quite satisfactory. 
The application of the cathode ray oscilloscope has been 
greatly restricted because of its Inability to portray more 
than a single phenomenon at a time. Since it is often de- 
sirable or even essential to show two or more waves in their 
correct relative phase, this limitation has proved to be a 
serious handicap in the c-eneral usefulness of th-e oscillo- 
scope. For tIle simultaneous observation of two waves the 
electronic switch has been developed. One of the most obvious 
examples of its usefulness would be the viewing of the input 
and output signal of an amplifier to check for phase shift. 
A further adaptation might be the determination cf vacuum 
tube characteristics by the switching of some control voltage 
through a series of fixed values; a set of curves of a tube 
under test can be viewed on a cathode ray tube screen. 
There are a number of disadvantages possessed by commer- 
cially available electronic switches. Among- them are inter- 
action of the two signals under observation as well as 
interaction of the switching signal caused by insufficient 
isolation; usually not enough amplification is provided or the 
amplifier has poor frequency response causing distortion, 
erratic synchronization especially at high sweep frequencies, 
and the effective switching interval is an appreciable part 
of the sweep cycle at high frequencies. 
